Localization of a Gaussian polymer in a weak periodic surface potential disturbed by 

a single defect 
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Using the results of the recently studied problem of adsorption of a Gaussian polymer in a weak 
periodic surface potential we study the influence of a single rod like defect on the polymer being 
localized in the periodic surface potential. We have found that the polymer will be localized at 
the defect under condition u > u c , where u c is the localization threshold in the periodic potential, 
for any infinitesimal strength of the interaction with defect. We predict that the concentration of 
monomers of the localized polymer decays exponentially as a function of the distance to the defect 
and is modulated with the period of the surface potential. 

PACS numbers: 36.20.-r, 82.35Gh, 73.20.-r 



I. INTRODUCTION 



Adsorption of polymers at surfaces and interfaces is 
of large interest in different topics of science and tech- 
nology and has been investigated extensively in recent 
years (and citations therein). The effects of surface 
heterogeneities, which is of wide interest for different ap- 
plications such as pattern recognition, technological and 
biological applications etc., have been studied in ]^|l4]|. 
Recently, we have considered the problem of adsorption 
of a Gaussian polymer in a weak periodic surface poten- 
tial jl5| . We present here the details of these calculations 
and apply the method we used in jl5| to study the lo- 
calization of a Gaussian polymer in the periodic surface 
potential disturbed by a single defect. 

The problem of the behaviour of a Gaussian polymer 
in an external potential is equivalent to the problem of 
the behaviour of a quantum mechanical particle in an ex- 
ternal potential Jj], ^] . According to this mapping our 
results for polymer adsorption are valid for localization 
of a quantum mechanical particle in the periodic external 
potential. In the case of polymer the periodic surface po- 
tential can be realized by the surface of a microphase sep- 
arated diblock copolymer melt (see for example [TtJ 
and references therein) , while in the quantum mechanical 
counterpart of the problem in context of semiconductor 
superlattices [pi (and references therein). 

The paper is organized as follow. After brief intro- 
duction to the model and the Green's function method 
in Section 2, we consider in details the problem of ad- 
sorption of a polymer chain in a weak periodic surface 
potential. In Section 3 we study the effect of a single de- 
fect on the polymer being localized in the periodic surface 
potential. 
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FIG. 1: The periodic surface, which is modelled by the po- 
tential in equation (1). 



II. ADSORPTION OF A POLYMER IN THE 
PERIODIC SURFACE POTENTIAL 

The periodic surface potential can be described by 

oo 

V(x, y, z) = — uS(z — zq) S(x — na), (1) 



n— — oo 
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where u, a, zg are assumed to be positive, and 5 (x) is the 
Dirac's delta-function. The potential models rods which 
are parallel to the y axis with the distance a along the 
x axis between the next neighbors (see Figure Q). The 
size of the rods w, which is suppressed in (Q), is however 
a relevant quantity as it will be shown below. Due to 
the impenetrability of the wall at z = the distance 
of the potential well to the surface is chosen as Zq. As 
it is well-know from Quantum Mechanics [[l9) the delta- 
function potential corresponds to the shallow potential 
well. The limit to the homogeneously attracting surface 
can be obtained from ([!]) by a — > and u/a — > const (see 
below) . 

The Green's function of a polymer in an external po- 
tential, which gives the relative number of conformations 
of the chain with the ends fixed at r and r', obeys the 



2 



following equation 
d 



V(r), 



dN 



G(r, N; r') - DV 2 G(x, z, N; x', z') + -—-^-G = (2) 



with condition G(r,0;r') = S(r — r'). Here N is the 
polymerization degree of the ideal chain and D = / 2 /6, 
where / is the statistical segment length of the chain. 
The equation (Q) can be written as an integral equation 
as follows 

G(x, z, N; x' , z') — Gq(x, z, N; x' , z') 

ds I dxi I dz\Go{x, z, N — s; x\, z\) 



V(xt,zi) , , 

x — G{x 1 ,zi,s;x ,z ), 

KrT 



where 



G (x,z,N; x',z') 



1 



A-kDN 



exp 



(a; - x'f 
ADN 
(z + z 1 ) 2 
ADN 



exp 



ADN 



exp 



(4) 



for N > and is zero for N < 0. Equation (g) is related 
to the Schrodinger equation by using the replacements: 
N = it, l 2 /3k B T = 1/m, k B T = h. The bare Green's 
function Gq(x, z, N; x' , z') is the solution of the diffusion 
equation i.e. equation (^) with V(r) = in the half space, 
z > 0, with the Dirichlet boundary condition at z = 0. 
The dependence on y in equation)^) is separated while 
the potential is independent of y. Inserting the potential 
(|l|) into (||) and carrying out the Laplace transform with 
respect to N we arrive at 

G(x, z,p; x', z') = G Q (x, z,p; x', z') 

oo 

+u Gq(x, z,p; an, Zo)G(an, zq,p; x' , z'), (5) 



where 



G (x,z,p; x',z') 
1 



2ttL> 



(Kq ( ^/{x-x') 2 + (z-z'Y^p~/D) 



-K (y/{X ~ X'Y + (Z + Z'Y y/p/D)), 



(6) 



is the Laplace transform of (Q), Kq(x) is the modified 
Bessel function of the second kind. Henceforth u is given 
in units of ksT. In the case of adsorption onto an in- 
terface only the first term on the right-hand side of (||) 
appears. Restricting the summation in (||) to only one 
term gives the problem of localization onto one rod. Ne- 
glecting the z-dependence in (^|) and using 



G {x,p;x') =l/ s /4Dp~exp(-\x-x'\ s /p~/D) (7) 

instead of (|J) gives the Green's function formulation of 
the well-known Kronig-Penney model [ p0| . The Kronig- 
Penney model was used in pjj | to study the behaviour of 
a polymer in a striped potential. 



We now will solve equations (ph- Inserting x — an, 
n = 0, ±1, ... and z = zq into (|5|) we obtain an infinite 
inhomogeneous system of equations for G{an, zg,p; x', z') 

oo 

G(an, Zo,P',x',z') — u Go(an, zo,p; am, zq) 

m=— oo 

xG(am, zq,p; x , z ) = Go(an, zq,p; x , z). (8) 

The periodicity of the potential ([!]) along the x axis, 
which entails the Bloch theorem for the wave function 
PH , permits to solve the system of equations (||) by using 
the Fourier transformation. Assuming that the system 
consists of 2M + 1 rods we consider the discrete Fourier 
transform for each rod-dependent quantity F n as follows 



(3) F n = 



■ikan . 



f k , where k = fj^+jj, (j = —M, M) 



is the quasimomcntum. Substituting G(an, Zo,P', x', z') — 
V] k e lkan g k and G Q (an, z Q ,p; x' , z') = J2k e lkan b k into 
(g) diagonalizes the latter (in the limit of large M), so 
that we obtain the solution as 



9k = 



b k 



A I 



(9) 



l-u £ e* kam G o (am,z o ,p;0,z Q ) 

m = -M 



The inverse Fourier transform of @ gives 

G(an, zn, p; x' , z') — 



R{k,p) 



M 



e ika ^-^G (am,z ,p;x',z') 



(10) 



_m=— M 

where we have introduced the function 
R(k,p) = G Q (0,z Q ,p;Q,z o ) 

oo 

+2 cos(mka)Go(am, zq,p; 0, zq) (11) 

m— 1 

Insertion of ( |To| ) into (||) gives G(x, z,p; x' , z') as 
G(x, z,p; x , z) = Go(x, z,p; x , z) 

' exp(ifca(n — m)) 



u x ^ v ^ v ^ expi 
2M + 1 ^ ^ ^ ~ 

k n= -M m=—M 



uR(k,p) 



xGq(x, z,p; an, zo)Go(am, zo,p; x' ', z'). (12) 

In the limit M — > oo the sum over k should be replaced 
by the integral in agreement with J2 k /(&) ~~ ¥ (2M + 
l)(a/27r) J dkf(k). The zeros of the denominator of ( p^ ) 
give the main contributions to G{x, z, N; x' , z') for large 
N. Taking into account the latter generates the spectral 
expansion of the Green's function 

G(x, z, N; x', z') ~ e PkN Mx, z)^' , z% (13) 



where ip k {x, z) and p k are eigenfunctions and eigenvalues 
of the time-independent Schrodinger equation 
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DV\ h (x,z) + p£L, k ( x ,z) 



-Pk^k{x,z). (14) 



Thus, the zeros of the denominator in equation ( |l2| ) con- 
sidered as function of p gives the energy eigenvalues — pk- 
The comparison of the inverse Laplace transform of equa- 
tion ( p^ ) with ( |l3| ) gives the following expression for the 
wave functions 



E ■ 

n— — oo 



Akan 



G {x,z,pk;an,z ). 



(15) 



It is easy to check that (|T^) fulfils the Bloch theorem. 
Notice that the exact wave function tj)^(x,z) is given as 
the Laplace transform of the bare Green's function. 

We now will show how to recover from ([l2]) the case 
of continuously attractingsurface. The first two terms 
in the denominator of (|1J) corresponds to the eigen- 
value condition for a rod. If a is small, the sum can 
be replaced by the integral as follows J2m=i f( ma ) ~> 
a ~ 1 Jo dxf(x). The quantity u/a = u is the surface 
density of the strength of the potential. The integral 
over x with f{x) = Gq(x, z$,p; 0, zq) gives 



dx cos(kx)Go(x, zo,p; 0, zo) 



= l/{4VD^p + Dk 2 ) 

x (1 - cxp(-2z /VzVp + Dk 2 )). 



(16) 



The case of adsorption onto a homogeneously attract- 
ing surface will be recovered by taking the limit u — > 0, 
a — ► and u/a = u. As it was pointed in p3[ ] for the 
case of continuously interface the transverse degree of 
freedom are decoupled to the in-plain degree of freedom, 
since the latter can be integrated out in the definition 
of Green's function. The full Green's function can be 
obtained from the reduced Green's function by replac- 
ing the Laplace transform variable p through p + Dk 2 , 
where k is the wave vector corresponding to the Fourier 
transformation with respect to the in-plane coordinates. 
The term Dk 2 is simply the energy of free motion along 
the surface. If we are interested in studying the localiza- 
tion at the surface only and do not consider migration 
of polymer along the surface we can put the quasimo- 
mentum k — 0. The second term in the denominator 
of ( |l^ ) disappears in the limit u — > 0, so that the de- 
nominator of (|i~2| ) gives the correct eigenvalue condition, 
(1 — exp(— 2zoWp/D)) = 0, for adsorption onto 



1 



pD 



a homogeneously attracting surface with the potential 

u{z) = —uS(z — Zq). 

Equation ( p^ ) applies to the Kronig-Penney model 
if one neglects there the dependences on z. The bare 
Green's function is then given by equation As a re- 
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FIG. 2: The localization band for w = 1, zo = 2, a = 10 
measured in units of I for following strengths of the potential: 
1. u = 0.55; 2. u = 0.6; 3. u = 0.65 ; 4. u = 0.7; 5. 
u — 0.75; 6. u = 0.8. The localized states appears for u > it c : 
Uc — 0.54. For u < 0.674 the quasimomentum of localized 
states does not exceed the value k max < ir/a, for u > 0.674 
the localized states exist up to the edge of the Brillouin zone. 



suit the denominator in ( p^ ) yields 
cos(fca) - cosh( v / a 2 p/D) + u/(2y/Dp) sinh(^a 2 p/L») 



cos(fca) — cosh(-\/a 2 p/ ' D) 



(17) 



The numerator of (|i~7| ) equated to zero gives the well- 
known energy eigenvalue condition for Kronig-Pcnncy 
model. 

We now will consider the case of the periodic surface 
potential given by (]]]). The bare Green's function obeys 
the Dirichlet boundary condition at z = and is given 
by (||). Its Laplace transform is given by 



G (am, z ,p;0, z ) = 1/ (2%D) (K (amy/ p/D) 
-K {^a 2 m 2 +Az 2 ^p~/D)). (18) 

The divergence of ( |i~8| ) for am — > 0, which is due 
to modelling the potential by Dirac's delta-function, 
can be avoided by replacing N in the first term 
of the expression Gq(0, Zq, N; 0, z ) = \/{A-kDN) — 
1/(4ttDN) exp{-z 2 /DN) by N + b with b being a mi- 
croscopic cutoff along the polymer (corresponds to time 
in QM language ) , will be related to the size of the po- 
tential well w. The necessity of introduction of the cutoff 
b is due to the following. The interaction potential of 
one rod is product of two delta functions, i.e. the prob- 
lem is two dimensional. It is well-known from Quantum 
mechanics fl9[ that in two dimensional potential well the 
eigenenergy depends on both the depth and the width 
of the potential well separately. The comparison of the 
binding energy in the potential — u5(x)5(z — zq) obtained 
via the present method with the energy in a shallow two 
dimensional potential well [fill gives b — w 2 /4D, where w 
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is the radius of the potential well. The Laplace transform 
of Gq(0, z , N; 0, z ) is then obtained as 



Go(0, z o ,p;0, z ) = - 



e bp Ei(-bp) 



1 



AttD 



2itD 



,(2yJpz*/D), 

(19) 

where Ei(— x) = J ^dtexp^/t is the exponential in- 
tegral. Notice that we can avoid the introduction of a 
cutoff at intermediate steps of the work by replacing one 
of delta-functions in equation (|l|) by the (i-dimensional 
delta-function with d < 1 and introducing the cutoff in 
carrying out the limit d — ► 1. Using (081) and ([L9h gives 



the denominator of (12) as 



4ttD 



exp(frp)Ei(— bp) 



2irD 



K (2yjpz*/D) 



— — cos(amk) Ko(am\/p/ D) 



-K a {^a?m?+Azl^/p~/D) 



(20) 



Considering (20) as an equation for p gives the s pec trum 
of the problem under consideration. The sum in (E(J) can- 
not be performed exactly, so that we have solved equa- 
tion)^) for p numerically. The localized states appears, 
if u exceeds some threshold value u c . Figure |^ shows 
the binding energy as a function of the quasimomcntum 
k for different strengths u. Figure |^ demonstrates that 
the localized states in the periodic potential form a band 
with the width depending on the strength of the poten- 
tial u. The localized states exist, if the quasimomentum 
does not exceed the value fc max . In contrast to a ho- 
mogeneously attracting surface, the in-plane degrees of 
freedom here are coupled to the transversal degree of 
freedom. We expect that the width of the localization 
band influences the migration of the localized polymer 
chain along the surface. Due to the fact that the width 
is controlled by the temperature, the in-plane migration 
of the polymer will be controlled by temperature. We 
expect that also in the quantum mechanical counterpart 
of the problem the finite width band of surface localized 
states will affect the in-plane properties (see below). 

We now will consider the mean-square distance of one 
end of the polymer chain to the surface, which has to be 
computed according to 



oo oo a 



J dx J dz J dx'z 2 G(x,z,N;x',0) 

(AN)) = -Z "oo ° a • 

J dx J dzj dx'G(x,z,N;x',0) 

-oo 



(21) 



where the integration over x' is carried for simplicity over 
the period of potential. To evaluate the (|2l|) we have to 
perform the inverse Laplace transform of (|l2|). In the 
limit of large chain lengths N — > oo the main contribu- 
tion to the inverse Laplace transform appears from the 
residues associated with the poles. The computation of 



1,0 - 



0.8 



=a_ o,6 



H. 0,4 



0.2 



0.0 



0,00 



0,02 



0,04 0,06 



0,08 



0,10 



FIG. 3: The effective statistical segment length as a function 
of the binding energy po for w = 1, zq = 2 measured in units 
of I. Dashed line: a = 3; Dotted line: a — 6; Continuous line: 
a = 10. 



(z 2 ) = limAr^ 00 (z 2 (iV)) is straightforward and results in 



(A 



2D 
Po 



1 - exp (~z Qy /p /D^ 



(22) 



where po is the absolute value of the ground state eigenen- 
ergy associated with the quasimomentum k = 0. It is 
surprising that the states with k > do not contribute 
to (z 2 ). We have checked that the same holds for the 
mean square-distance of an arbitrary monomer, and for 
the monomer distribution function p(x, z). This is due to 
the fact that after integrating over x (x') in equation jl^ ) 
the sum over n (m) gives S(k) so that only the ground 
state contributes to (z 2 ). 

The obtained spectrum allows us to investigate the in- 
plane behavior of adsorbed polymer. Due to the peri- 
odicity of the potential the long polymer chain behaves 
in plane as free chain endowed with effective statistical 
segment length l 2 s . To define the effective statistical seg- 
ment we compute the cc-component of the mean-square 
end-to-end distance of the adsorbed polymer for large N 
by using equation (|l^) and find that 



1 



(23) 



where the effective statistical segment length 

l 2 cS = -3d 2 Pk /dk 2 \ k=0 
can be represented as 

d 2 R(k,p) 



dk 2 





dR{k,p) 




k=0 


dp 


k=0 


P=Po 


P=Po _ 



-I -1 



Notice that Z e ff defined in (23) relates to the behaviour of 



the polymer along the x-axes. The numerical evaluation 
of l e g is shown in Figure for three values of the period 



5 



of the potential a. At the localization transition l e g is 
equal to I. It strongly decreases for large p i.e. in the 
regime of strong adsorption. For large strength of the 
potential well u all pieces of the polymer are localized 
at the surface, so that in this limit the problem of the 
localization in the surface periodic potential converts to 
the Kronig-Penney model. It is well-known that for this 
model the effective statistical segment is smaller than the 
bare one Q . The squeezing of the polymer due to l c s < I 
can be explained by the fact that the polymer wins energy 
while the portions of the polymer make excursions along 
the attracting rods as it shown in Figure [l| This results 
in squeezing the polymer along the periodicity direction. 
Notice that the squeezing of the polymer occurs at the 
expense of the transversal size of the polymer. The size of 
the polymer along the y~axes does not change. Figure ^ 
shows that the decrease of a results in a weaker decrease 
of l c g. The numerical analysis of the behaviour of l e s in 
the vicinity of the localization transition for parameters 
w = 1, z = 2, a = 3 yields that l cS /l = 1.0044 > 1 for 
Po = 0.002, i.e. Z c ff has a weak maximum as a function of 
Po (see Figure ||). The latter disappears for larger values 
of a. The condition l c g > I means that the polymer 
stretches along the rr-axes. Due to this the polymer wins 
energy by having contacts with more rods. We expect 
that the maximum is due to the rigidity of the polymer, 
which however cannot be described in a more consistent 
way by the present model. 

In context of the behaviour of a quantum particle (for 
example an electron) in a surface periodic potential the 
motion of the particle along the surface can be described 
in terms of the effective mass m* , which is the counter- 
part of the statistical segment length and is proportional 
to Notice, that the above explanation of the inequal- 
ity Z e ff < I in terms of configurations of the polymer chain 
implicates an explanation of the inequality m* > m in 
terms of time-space trajectories of the quantum parti- 
cle. The increase of the mass is related to the size of the 
pieces of the trajectory localized at the same rod. Using 
the well-known formula for electric conductivity in Solid 
State Physics (see for example pifl ) we write the surface 
electric conductivity as a — e 2 Tn/m* , where m* is the ef- 
fective mass, e is the electron charge, r is the relaxation 
time, and n is the surface electron density. We expect 
that this formula is valid for a weakly filled band, while 
in the opposite case of an almost filled band we have to 
take into account the effect of the derealization of elec- 
trons due to the external field. According to Figure || 
the effective mass is nearly everywhere larger than the 
bare mass. It increases with the increase of the strength 
of the potential, excepting the vicinity of the localization 
transition, which is in agreement with the prediction for 
Kronig-Penney model. According to the dependence of 
a on m* we expect that the surface electric conductivity 
is a decreasing function of the strength of the potential. 
This is intuitively clear because if the size of the pieces of 
the trajectory of the particle along one rod is large, the 
driving field is ineffective to disengage the latter from the 



rod. 



III. LOCALIZATION AT A SINGLE SURFACE 
DEFECT 

The real surfaces contain various defects, so that study- 
ing their effect on adsorption of polymers is an impor- 
tant question. In this section we consider the localiza- 
tion of the polymer chain in a periodic surface potential 
disturbed by a single defect. The surface potential in the 
presence of the extended defect, which can be viewed as 
the additional rod situated at x — xq, is modeled by the 
following potential 



V(r) = — u5(z — zq) 5(x — na) — vS(x — xq)S(z — zq), 

n— — oo 

(24) 

where v is the strength of the defect. The method devel- 
oped in Section [n] can be used in a straightforward way 
to study the effect of the defect. For this aim we use 
the system with the periodic potential ([j]) as the refer- 
ence state, where the Green's function G(x,z,N;x',z') 
in the periodic potenrial is given by Eq.@. Considering 
the last term in Eq.(|24|) as perturbation we rewrite the 
equation (||) as an integral equation as follows 

Gd{x, z, N; x\ z') — G(x, z, N; x', z') 

y-N 

+v / dsG(x,z,N - s;xo,z )Gd(xo,z ,s;x',z').(25) 



Henceforth the potential of defect v as the strength of 
the periodic potential u is given in units of fc^T. The 
explicit expression for G(x, z, N; x' , z') appearing in J25|) 
can be derived by using the inverse Laplace transform 
of ([l2|). Carrying out the Laplace transform of ( p5| ) we 
arrive at the following algebraic equation 

G d (x, z,p;x', z') = G(x, z,p;x', z') 

+vG(x 1 z,p; x , z )G d (x , z Q ,p; x', z'). (26) 

To solve this equation we substitute x — xq , z = zq and 
find 



G d (x ,z Q ,p;x',z') 



G(x 0l z 0l p;x',z') 
1 - vG(x , z ,p;x , Zq) 



(27) 



Therefore, the Green's function Gd of the problem with 
potential (24) can be expressed in terms of the Green's 
function G of the system with the ideal periodic potential 
as follows 



Gd(x, z,p; x', z') — G{x, z,p; x' , z') 
G(x, z,p; x , z )G(x ,z ,p; x', z') 



+v 



1 - vG(x Q ,z ,p;x ,z ) 



(28) 



The zero of the denominator in the last term of (E8|) gives 
the value of the eigenenergy of the state when polymer 
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FIG. 4: The binding energy of localized in-plane ground state 
as function of the defect's potential v for w = 1, a = 10, 
20 = 2, u = 0.8. At v = the energy coincide with the energy 
corresponding to the upper edge of the band. 



chain is localized at the defect. The eigenenergy condi- 
tion is obtained from (E8fi as 



1 - vG (x , z ,p; sco, zo) - uv- 



dk 



7T J 1 — uR(k,p) 

— IT 

oc 

£ e4 fca(«-™) Go(:EO;ZOjp . an;2o) 



n,m= — oo 



xG (am,z ,p;io,zo) = 0, 



(29) 



where we have taken the limit N — > oo. Equation (|29| ) 
cannot be solved analytically so that we analyzed it nu- 
merically. We consider the case of extended adsorbing 
defect (v > 0) which is situated at xo = 0. This allows 
us to simplify the equation (129), so that we obtain 



1 - vG o (0, z o ,p;0,z ) - uv- 

7T 



dk 



[R(k,p)} 2 
1 — uR{k,p) 



= 0. 



(30) 

The numerical calculation shows that upon condition 
u > u c , where u c is the threshold value of the periodic 
potential, the equation (30) has a single solution Pd{v) 
starting at the upper edge of the band pd(0) = po which 
increases with the strength of the defect v. The typical 
dependence of pd on v is shown in Figure |4| Figure ^ 
shows that the polymer is localized for any infinitesimal 
potential of the defect v, if there are localized states in the 
periodic potential. The eigenfunction corresponding to 
the eigenvalue pd is obtained from ( |2q) using the spectral 
expansion of the Green's function (pf) as 



ipd ~ G Q {x,z,p d ;0,z o ) + 



dk 



R(k,p d ) 
1 - uR{k,pd) 



FIG. 5: The profile of wave function ^>^(x,z) in the plane 
z = 3 for w = 1, a = 10, z = 2, u = 0.8, v = 0.01. 



OO 

E 



cos(mfca)Go(a:, z,pd] am, zq). 



(31) 



The function ipd{x,z) decays exponentially as function 
of the distance to the defect and is modulated with the 
period of the periodic surface potential (see Figure ||). 
Due to the gap between the localized state and the band 
we have the situation of the ground state dominance, if 
the polymer chain is large enough. The consequence of 
this is that only the eigenfunction ( |3l"| ) contributes to the 
Green's function Jl3|). It is well-known that in this case 
the concentration of monomers is given by c(r) ~ IV^C 7 ")! 2 
||, so that the oscillations of ipd(r) may be observed 
experimentally by studying the distribution of polymer 
chains on the periodic surfaces with defects. 



IV. CONCLUSION 

We have considered the adsorption of a Gaussian poly- 
mer (and of a quantum particle) onto an attracting sur- 
face with potential periodic along one direction. We have 
found that the surface localized states form a band which 
can be described by the quasimomentum entailed by the 
periodicity of the surface potential. The width of the 
localization band depends on the strength of the attract- 
ing potential. The binding energy decreases with increase 
of the quasimomentum and becomes zero at k = fc ma x, 
where for not to large strengths u of the periodic poten- 
tial fc m ax lies within Brillouin zone, i.e. fc max < ir/a. For 
fcmax < k < n/a no localized states exist. For sufficiently 
strong potential strengths (when fc ma x becomes equal to 
it /a) the polymer is always localized. 

We have studied the effect of perturbation of the peri- 
odic potential by a single rod-like defect on the adsorp- 
tion of the polymer. We have found that the defect lo- 
calizes the polymer for any infinitesimal strength of the 
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defect potential, so that the concentration of monomers 
decays exponentially with the distance to the defect and 
undergoes modulation associated with the periodic sur- 
face potential. We expect, that this oscillations can be 
observed experimentally by studying the distribution of 
polymer chains on the periodic surfaces with defects. 

The method used here can be straightforwardly applied 
to treat more complicated periodic arrangements (ideal 
or with weak deviations from the periodicity) of attract- 
ing wells, for example the infinite periodic set of parallel 



planes along the z-axes with the potential in each of the 
plane being periodic along the x- and y-axes. 
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